Site-directed mutagenesis studies on the determinants of sugar specificity and cooperative behavior of human beta-cell glucokinase.
The determinants of sugar specificity and cooperative behavior of human beta-cell glucokinase were studied by mutating several active site residues and performing a steady-state kinetic analysis of the purified mutant and wild-type enzymes after their expression in Escherichia coli. Asn-204, Glu-256, and Glu-290 were predicted from molecular modeling to interact with the 3-OH, 4-OH, 2-OH, and 1-OH groups of glucose. Mutation of these residues resulted in enzymes with decreased values of kcat and increased values of Km for glucose, mannose, and 2-deoxyglucose. Lys-56 is also predicted to make an interaction with the side chain of Glu-256 and its mutation increased the Km for glucose, deoxyglucose, mannose, and fructose by 4-, 4-, 3-, and 10-fold, respectively, and also increased the kcat for fructose by 5-fold. The Ki values for N-acetylglucosamine and mannoheptulose for the wild-type enzyme were 0.2 and 0.8 mM, respectively, and mutation of glucose binding residues to alanine resulted in an increase of about 3 orders of magnitude in these Ki values. Mutation of residues that directly hydrogen bond glucose hydroxyls (Asn-204, Glu-256, and Glu-290) to alanine resulted in enzymes that did not exhibit cooperative behavior, but mutation of Lys-56 or other residues that do not directly contact glucose had no effect on the Hill coefficient. Only glucose and deoxyglucose exhibited cooperative behavior. The results 1) confirm the predictions of the model that Asn-204, Glu-256, and Glu-290 are important residues involved in catalysis and hydrogen bonding glucose hydroxyl groups, 2) provide evidence for a role of Lys-56 in hexose binding, and 3) are consistent with the cooperative behavior of glucokinase being mediated by interactions of other regions of the protein with the highly conserved active site glucose binding residues.